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Abstract It is well known that oxidative stress induces

larynx cancer, although antioxidants induce modulator role

on etiology of the cancer. It is well known that electro-

magnetic radiation (EMR) induces oxidative stress in dif-

ferent cell systems. The aim of this study was to investigate

the possible protective role of melatonin on oxidative stress

induced by Wi-Fi (2.45 GHz) EMR in laryngotracheal

mucosa of rat. For this purpose, 32 male rats were equally

categorized into four groups, namely controls, sham con-

trols, EMR-exposed rats, EMR-exposed rats treated with

melatonin at a dose of 10 mg/kg/day. Except for the con-

trols and sham controls, the animals were exposed to

2.45 GHz radiation during 60 min/day for 28 days. The

lipid peroxidation levels were significantly (p \ 0.05)

higher in the radiation-exposed groups than in the control

and sham control groups. The lipid peroxidation level in

the irradiated animals treated with melatonin was signifi-

cantly (p \ 0.01) lower than in those that were only

exposed to Wi-Fi radiation. The activity of glutathione

peroxidase was lower in the irradiated-only group relative

to control and sham control groups but its activity was

significantly (p \ 0.05) increased in the groups treated

with melatonin. The reduced glutathione levels in the

mucosa of rat did not change in the four groups. There is an

apparent protective effect of melatonin on the Wi-Fi-

induced oxidative stress in the laryngotracheal mucosa of

rats by inhibition of free radical formation and support of

the glutathione peroxidase antioxidant system.

Keywords Melatonin � Larynx � Trachea � Oxidative

stress � Wireless devices

Introduction

Wireless devices usages in industrial, scientific, medical,

military and domestic applications, with potential leakage,

of such radiation into the environment have increased by

leaps and bounds in past decade [1]. From being a luxury

and limited to the wealthy, wireless devices especially near

2.45 GHz is indispensable in daily lives [2]. However,

every technological advance and its overuse possess pos-

sible adverse effects [3].

Exposure to electromagnetic radiation (EMR) induces

degenerative effects via two ways, namely directly or

indirectly. Direct effects of EMR induce production of

reactive oxygen species (ROS), including superoxide anion,

hydrogen peroxide, and hydroxyl radicals. The ROS con-

tribute to tissue and DNA damages [1]. Exposure to

2.45 GHz EMR causes an increase in lipid peroxidation

levels and a decrease in the activity of enzymes that prevent

or protect against lipid peroxidation in tissues [4, 5]. The

human cells have nonenzymatic and enzymatic antioxidant

systems against degenerative effects of ROS. Glutathione
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(GSH) is the most abundant thiol antioxidant in mammalian

cells [6]. The GSH is an endogenous tripeptide that acts

both as a nucleophilic scavenger of numerous compounds

and as a substrate in the selenium-dependent GSH peroxi-

dase (GSH-Px)-mediated destruction of hydroperoxides [7].

Recently, we observed proliferative effects of 2.45 GHz

EMR on human leukemia cancer cells through the over

production of ROS and Ca2? influx [8]. Melatonin, the main

secretary neurohormone of the pineal gland, has been

considered a potent antioxidant that detoxifies a variety of

ROS in many pathophysiological states [9]. Melatonin also

plays a significant role in cancer production against a

variety of cancer diseases including larynx cancer whose

pathogenesis involves damage of ROS [10]. Recently, we

observed also modulator role of melatonin on 2.45 GHz-

induced oxidative stress in rat dorsal root ganglion neurons

[11]. To our knowledge, there is no report on 2.45 GHz-

induced oxidative stress in laryngotracheal mucosa of

human and experimental animals. Melatonin may modulate

Wi-Fi (2.45 GHz)-induced oxidative stress in laryngotra-

cheal mucosa of rats and it needs to be clarified.

Larynx carcinoma comprises 25 % all head and neck

cancers and 2–3 % malignant tumors. Several reports

studying the oxidative related values in larynx cancer

indicated the importance of oxidative stress. Recently,

Karaman et al. [12] reported that the oxidant/antioxidant

balance was impaired in favor of lipid peroxidation and

DNA damage in patients with laryngeal squamous cell

carcinoma. Manjunath et al. [13] investigated the level of

oxidative stress in laryngeal and hypopharyngeal cancer

patients in a prospective study and they observed positive

correlations in oxidative stress and initiation of laryngeal

and hypopharyngeal cancers.

The purpose of the present study was to investigate the

effects of 2.45 GHz EMR on oxidant–antioxidant changes

in laryngotracheal mucosa of rat and the possible protective

effects of melatonin.

Materials and methods

Chemicals

All chemicals were of analytical grade, obtained from

Sigma-Aldrich Chemical Inc. (St. Louis, MO, USA) and all

organic solvents from Merck Chemical Inc. (Istanbul,

Turkey). All solutions, except phosphate buffers, were

prepared daily and stored at 4.0 �C. The reagents were

allowed to equilibrate at room temperature for at least

30 min before analysis. The phosphate buffers were stable

at 4.0 �C for 1 month.

Animals

This study is planned and organized as completely double-

blind. All experimental procedures had been approved by

Medical Faculty Experimentation Ethics Committee of

Süleyman Demirel University (Protocol Number; 2011-01/

02). Male Wistar albino (n = 32) rats were used in the

current experiment. At the start of the experiment, the rats

were 16 weeks old and weighed 220–240 g. Animals were

maintained and used in accordance with the Animal Wel-

fare Act and the Guide for the Care and Use of Laboratory

animals prepared by the Suleyman Demirel University. The

rats were housed individually in stainless steel cages in a

pathogen-free environment in our laboratory at 22 �C ± 3

with light from 0800 to 2000 hours and allowed free access

to water and fed a commercial diet. Environmental average

light intensity was 4,000 lux and humidity was 40 ± 10 %.

Study groups

After 1 week adaptation process, the animals were ran-

domly categorized into four equal groups, namely cage

control rats, sham control rats, rats exposed to 2.45 GHz

during 60 min/day for 30 days and same as the previous

group, 2.45 GHz-exposed rats treated with intraperitoneal

(ip) injections of melatonin at a dose of 10 mg/kg/day.

The 1-h exposure to irradiation in last two groups took

place between 9 AM and noon each day. The first dose of

melatonin administration was performed 24 h prior to

exposure. Sham control rats received ip injections of iso-

tonic saline solution at an equal volume to that of mela-

tonin used in the last melatonin group.

Melatonin was dissolved in a small (100 ll) amount of

dimethyl sulfoxide and then diluted with physiological saline

solution. The volume of melatonin solution injected daily was

0.1 ml. The melatonin dose used in this study was chosen on

the basis of our previously published experiment [11].

Exposure system and design

Details of exposure system have been described in detail

elsewhere [4]. A ‘‘SET ELECO’’ generator from Set

Electronic Co., Istanbul (Turkey), provided with a half-

wave dipole antenna system was used to irradiate the cells

with a 2.45 GHz radio frequency with 217 Hz pulses. The

electric field density was set at 11 V/m to get a 0.1-W/kg

whole-body average specific absorption rate (SAR).

Radiation reflection and exposure were measured with a

Portable radio frequency Survey System (HOLADAY,

HI-4417, Minnesota, USA) with a standard probe. The

electromagnetic radiation dose was calculated from the
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measured electric field density (V/m). SAR values were

calculated using electrical properties of tissue sample and

measured electric field intensities for every distance in

certain frequency. These values are shown in Fig. 1.

We used eight rats in the exposure system at the same

time (Fig. 1). This device is organized with a special

cylindrical strainer which is appropriate for exposure

condition and physical size of one rat (length 15 cm,

diameter 5 cm). The noses of the rats were positioned in

close contact to monopole antenna and the tube was ven-

tilated from head to tail to decrease the stress of the rat

while in the tube. The repetition time, frequency, and

amplitude of the radio frequency energy spectrum were

monitored by a satellite level meter (PROMAX, MC-877C,

Barcelona, Spain).

Radiation reflection and exposure were measured with a

Portable radio frequency Survey System (HOLADAY,

HI-4417, Minnesota, USA) with a standard probe. The

electromagnetic radiation dose was calculated from the

measured electric field density (V/m). The whole-body

SAR values are in the range of 0.008–4.2 W/kg, repre-

senting a SAR value of 0.143 W/kg for whole body, with a

value of 11.07 V/m at the closest point in the body.

The whole exposure system was kept in a faraday cage

with a shielding effectiveness of 100 dB. In each case, it

was insured that the rest of the animals were not in any

contact with the radiation-generating device by measuring

the radio frequency.

The rats of sham control were placed in the cylindrical

restrainer with the radio frequency source switched off

during times similar to those used for irradiation. The cage

control animals were kept in their cage without any treat-

ment or restraint of any kind.

Preparation of laryngotracheal mucosa samples

Head of all animals were cut and the mucosal tissues were

dissected from cartilages of larynx and trachea. The

mucosal tissues were placed into glass bottles, labeled

and stored in a deep freeze (-33 �C) until processing
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Fig. 1 The experimental setup
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(maximum 10 h). After weighing, half of the mucosa were

placed on ice and homogenized (2 min at 5,000 rpm) in

five volumes (1:5, w/v) of ice-cold Tris–HCl buffer

(50 mM, pH 7.4), using a glass Teflon homogenizer

(Çalıskan Cam Teknik, Ankara, Turkey). All preparation

procedures were performed on ice. After the addition of

butylhydroxytoluol (4 ll/ml), mucosa homogenate samples

were used for immediate lipid peroxidation, GSH levels

and GSH-Px enzyme activities.

Determination of Lipid peroxidation level

Lipid peroxidation levels in the mucosa homogenate were

measured with the thiobarbituric acid reaction by the

method of Placer et al. [14]. The quantification of thio-

barbituric acid reactive substances was determined

by comparing the absorption to the standard curve of

malondialdehyde equivalents generated by acid catalyzed

hydrolysis of 1,1,3,3 tetramethoxypropane.

Laryngotracheal mucosa reduced glutathione (GSH),

glutathione peroxidase (GSH-Px) and protein assays

The GSH content of the mucosa homogenate was measured

at 412 nm using the method of Sedlak and Lindsay [15].

GSH-Px activities of the mucosa homogenate were mea-

sured spectrophotometrically at 37 �C and 412 nm

according to the Lawrence and Burk [16]. The protein

content in the mucosa homogenate was measured by

method of Lowry et al. [17] with bovine serum albumin as

the standard.

Statistical analyses

All results are expressed as mean ± standard deviation

(SD). To determine the effect of treatment, data were

analyzed using analysis of Mann–Whitney U test. The

p values of less than 0.05 were regarded as significant. Data

were analyzed using the SPSS statistical program (version

17.0 software, SPSS Inc., Chicago, IL, USA).

Results

The lipid peroxidation values in cage control, sham control,

2.45 GHz and 2.45 GHz ? melatonin groups are shown in

Fig. 2. Mean values as lmol/g protein in cage control,

sham control, 2.45 GHz and 2.45 GHz ? melatonin

groups were 18.6, 18.6, 22.0 and 17.2, respectively. Lipid

peroxidation levels were significantly (p \ 0.05) higher in

2.45 GHz group than in cage and sham control groups.

However, melatonin induced lipid peroxidation lowering

effects and lipid peroxidation levels and its level was

significantly (p \ 0.01) lower in 2.45 GHz ? melatonin

than in 2.45 GHz group.

GSH-Px activities in the four groups are shown in

Fig. 3. Mean activities of GSH-Px as IU/g protein in cage

control, sham control, 2.45 GHz and 2.45 GHz ? mela-

tonin groups were 23.4, 24.1, 23.1 and 30.4, respectively.

GSH-Px activities were insignificantly lower in 2.45 GHz

group than in cage and sham control groups, although its

activity was significantly (p \ 0.05) higher in 2.45 GHz ?

melatonin group than in 2.45 GHz group.

GSH levels in the four groups are shown in Fig. 4. Mean

levels of GSH as lmol/g protein in cage control, sham

control, 2.45 GHz and 2.45 GHz ? melatonin groups were

16.8, 17.1, 17.6 and 17.5, respectively. There was no sig-

nificant difference with respect to the levels of GSH among

the groups.

Discussion

Lipid peroxidation is an oxidative stress marker and may

trigger ROS-mediated tissue injury, such as MDA [18, 19].

It has been proposed that MDA acts as a tumor promoter

and cocarcinogenic agent because of its high cytotoxicity

and inhibitory action on protective enzymes [20]. Previous

studies reported that plasma MDA levels were found to be

significantly higher in the patients with laryngeal cancer

than in the healthy controls [20, 21]. Furthermore, Inci

et al. [22] reported that lipid peroxidation levels of can-

cerous tissues were found to be significantly higher than in

the cancer-free adjacent tissues in the patients with lar-

yngeal cancer. Previous studies have shown that 2.45 GHz

EMR increased lipid peroxidation levels in various tissues

including dorsal root ganglion neurons [11], plasma [4],

erythrocytes [4], skin [23] and human leucoma 60 cancer

cell line [8]. To our knowledge, this study is the first to

report the effects of EMR on laryngotracheal mucosal tis-

sues. The present study was shown that Wi-Fi (2.45 GHz)

EMR (for 1 h/day for 30 days) increased lipid peroxidation

levels in laryngotracheal mucosal tissues of rats. Hence,
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Fig. 2 Effects of melatonin on 2.45 GHz-induced lipid peroxidation

levels in laryngotracheal mucosa of rat (mean ± SD and n = 8).
ap \ 0.05 versus control and sham control groups. bp \ 0.01 versus

2.45 GHz group
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lipid peroxidation levels of the present study were con-

firmed by results of the recent studies [4, 8, 11, 23].

The GSH and GSH-dependent enzyme system also

protect cells against ROS by scavenging hydro- and lipid

peroxides [6]. GSH-Px is synthesized from GSH. Hydrogen

peroxide is converted to water by catalase and GSH-Px. In

the present study, we were not able to find statistical

changes in GSH and GSH-Px values between 2.45 GHz

and control groups. We were also not able to measure

catalase values in the present study. We suppose that the

ROS may be inhibited by catalase instead of GSH-Px.

Hence, the GSH and GSH-Px values did not change in the

present study between 2.45 GHz and control groups.

Future studies should aim to measure the catalase activity

in the 2.45 GHz-exposed laryngotracheal mucosa.

Contrary, Inci et al. [22] reported that GSH level and

GSH-Px activity were higher in the laryngeal cancer tissue

than in cancer-free adjacent tissues. Similarly, Kacakci

et al. [21] observed no significant difference between the

GSH levels of cancerous and cancer-free adjacent lar-

yngeal tissues, whereas in blood, it was significantly higher

in the control group, in their study. Ceyhan et al. [23]

reported that EMR (2.45 GHz/h/day for 28 days) increased

GSH-Px levels in skin tissues. Gümral et al. [4] reported

that EMR (2.45 GHz/h/day for 28 days) decreased GSH-

Px levels in erythrocytes. Similarly, Nazıroğlu and Gümral

[24] and Nazıroğlu et al. [11] reported that EMR

(2.45 GHz/h/day for 28 days) did not have effective

influence on GSH and GSH-Px levels in brain. We

used similar setup and exposure time in the recent studies

[4, 11, 23] and GSH and GSH-Px results of the present

study were confirmed by reports of Kacakci et al. [21] and

Nazıroğlu and Gümral [24] and Nazıroğlu et al. [11].

In results of the present study, lipid peroxidation levels

were lower in 2.45 GHz ? melatonin groups than in

2.45 GHz groups, although GSH-Px activities were higher

in 2.45 GHz ? melatonin groups than in 2.45 GHz groups.

Melatonin, the main secretory neurohormone of the pineal

gland, has been considered a potent anti-oxidant that det-

oxifies a variety of ROS in many pathophysiological states

[9]. Pre-treatment with melatonin prevented the high lipid

peroxidation level in the present study. All data reported

above aid in identifying that melatonin may play an anti-

oxidant role against EMR-induced oxidative injury.

According to Kesari et al. [25], the 900 MHz EMR expo-

sure produced an excess of ROS production according to

recent data via the mitochondrial respiratory chain and

impaired the antioxidant defense system. It has been

hypothesized that melatonin, a lipophilic compound acts by

a direct or indirect mechanism on ROS production [9]. It is

know that melatonin can directly scavenge free radicals

[26]. It has also been shown that melatonin has an anti-

oxidant effect in other experimental models, such as dorsal

root ganglion neuron [11] and hippocampus [27] and that it

plays a protective role against EMR-induced neuron tox-

icity through its effect on mitochondrial chain, transient

receptor potential melastatin 2 cation channels, and oxi-

dative enzymes [11, 25].

In conclusion, in rats, exposure to 2.45 GHz EMR is

accompanied by increased oxidative stress, suggesting that

oxidative stress is a cause of EMR-induced laryngotracheal

pathophysiology. Result of this study indicated that mela-

tonin plays a protective action against 2.45 GHz EMR-

induced oxidative stress in the laryngotracheal mucosa. The

moderate melatonin supplementation may play a role in

2.45 GHz-induced laryngotracheal oxidative toxicity due to

the exposure to EMR. The results may be useful in the

etiology of electromagnetic radiation-induced larynx can-

cer. Nevertheless, more studies regarding the exact mech-

anism by which melatonin improves the EMR-induced

oxidative stress in the larynx carcinoma are required to

account for these data. However, results of the study are not

relevant yet for clinical relevance. Future studies should

therefore be aimed at identifying the specific intracellular

pathways that transduce the Wi-Fi-induced changes in

oxidative stress of exposed larynx of animal and human.
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